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selectivity of other materialjwhen joining the 
other material into thermoplastic-resin material, 
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[SUMMARY OF THE INVENTION] 

In the joining method of a material 2 and the 
other material 3 where at least one of which is 
formed from a thermoplastic resin, between the 
above-mentioned thermoplastic-resin material 2 
and the other material 3, the hole 4 which 
penetrates the other material 3 and attains 
inside the above-mentioned thermoplastic-resin 
material 2. The edge part of a pin 1 with a head 
which is formed from a thermoplastic resin is 
penetrated into the hole 4 at the side of the 
above-mentioned thermoplastic-resin material 
2. Also, the head of the pin 1 is inserted so that 
it is clamed to the entrance of the hole 4 of the 
above-mentioned others material 3. 

An external energy is provided to the pin 1 
with the head, and at least between the edge 
part of the above-mentioned pin 1 and the 
above-mentioned thermoplastic-resin material 2 
is made to be fused. 
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[CLAIM 1] 

in the joining method of a material and the other 
material where at least one of which is formed 
from a thermoplastic resin, a joining method 
between multiple materials, wherein .between 
the above-mentioned thermoplastic-resin 
material and the other material, a hole which 
penetrates the other material, and attains inside 
the above-mentioned thermoplastic-resin 
material is bored; the edge part of a pin 1 with a 
head which is formed from a thermoplastic resin 
is penetrated into the hole at the side of the 
above-mentioned thermoplastic-resin material; 
the head of the pin is inserted so that it is 
clamed to the entrance of the hole of the 
above-mentioned others material; an external 
energy is provided to the pin with the head; and 
at least between the edge part of the above- 
mentioned pin and the above-mentioned 
thermoplastic-resin material is made to be 
fused. 



[DETAILED DESCRIPTION OF INVENTION] 
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[INDUSTRIAL APPLICATION] 

This invention relates to the joining method 
between the multiple material whose at least 
one side is a thermoplastic resin. 
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[PRIOR ART] 

Conventionally, the method of using an 
adhesive agent, the method carried out the 
melting and fusion with a solvent or a heat, and 
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the mechanical fixing method are known as a 
method of joining plastics material with the other 
material. 

The method for which an adhesive agent is 
used in these method, Since an adhesive 
property is remarkably different with the kind 
and the attachment conditions of a raw material 
of a joining-ed material, the choice of the kind of 
adhesive agent and the setup of conditions are 
complicated. 

There was a problem of having tend to 
fluctuated he adhesion strength. 

Moreover, especially in the case of a 
crystalline polymer, choice conditions are 
limited much more. It was difficult to have made 
it attach firmly. 

[0003] 

The melting and fusion method by the solvent or 
the heat is simple. 

But, the kind of joining-ed material which can 
carry out the joining is limited more than an 
adhesive agent, and it became impossible 
basically between dissimilar materials. 

On the other hand mechanical fixing 
methods, such as rivetting, Although it is small, 
since a rattle was generated in a junctional part 
by the impact or vibration, restrictions of the 
choice between material had the disadvantage 
of having deteriorated durable. 
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.[ftW&MlkLkl tlrZWk [PROBLEM ADDRESSED] 

j§§] The objective of this invention, When joining 

^^p^cT) g #jfi ffft, pJMtt^Ia other material into thermoplastic-resin material, 

* ; s ' n t pre 2! di ; fl the j° inin g ™ thod rjji* 

z-ffitott&tnmtifiiki-Mih**'- P° tentiates the firm Pining, without in addition 

Z(OimW<DM$im>-m&Z$: t0 this restricting to the selectivity of material. 
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[SOLUTION OF THE INVENTION] 

Such an objective of this invention, In the joining 
method of the material and the other material 
which at least one side becomes from a 
thermoplastic resin Between above-mentioned 
thermoplastic-resin material and other material, 
the hole which other material is penetrated and 
above-mentioned thermoplastic-resin material 
attains in the inside is provided. The edge part 
of the pin with a head which becomes this hole 
from a thermoplastic resin is made to penetrate 
into the hole by the side of above-mentioned 
thermoplastic-resin material. 
Also it inserts so that the hole entrance of 
above-mentioned others material may be made 
to clamp a head. 

An external energy is provided to the pin with 
this head, and between the edge part of at least 
the above-mentioned pin and above-mentioned 
thermoplastic-resin material is made to be 
fused. Thereby, it can attain. 
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[0006] 

Thus the pin with the head formed from the 

thermoplastic resin is utilized. 

The head is changed into the state where other 

material was made to connect. 

The edge part of a pin is inserted in a 

thermoplastic-resin material side. 

An external energy is added. By it, since 
between the edge part of the pin and 
thermoplastic-resin material is made to be 
fused, it can join firmly irrespective of the kind 
by the side of other material. 

With reference to a drawing, this invention is 
demonstrated concretely below. 
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[0007] 

Fig. 1 shows the case where the thermoplastic- 
resin material 2 and the other material 3 are 
joined. 

The hole 4 given to the thermoplastic-resin 
material 2 from the other material 3 side where 
this thermoplastic-resin material 2 and other 
material 3 are laminated is opened. 
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The pin 1 with an thermoplastic resin head is 
inserted in this hole 4. 

The hole entrance by the side of the other 
material 3 is made to clamp 1 h of the head. 

Also, the hole 4 by the side of the 
thermoplastic-resin material 2 is made to fit 
main-body pin 1a. 

Subsequently external energies, such as a 
ultrasonic wave and a spin, are added to the pin 
1 with a head. Thereby, between the edge part 
of main-body pin 1a and the thermoplastic-resin 
material 2 is made to be fused in the area 
shown by M. 

[0008] 

In this invention What is sufficient is just to have 
thermo-bonding property as a thermoplastic 
resin used for thermoplastic-resin material. It is 
not limited especially. 

For example, the general-purpose 
thermoplastic resin like olefin-type resins, such 
as the acrylonitrile- butadiene- styrene 
copolymer resin (ABS resin), a polyurethane, a 
polyarylate, a polycarbonate, nylon, a 
polyethylene, and a polypropylene, Super 
engineering-plastics resins, such as a 
polyphenylene sulphide (PPS), a polyether 
imide, and a polyether ether ketone (PEEK). 
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[0009] 

The fusion integration of the thermoplastic resin 
of the pin with a head needs to be carried out 
with above thermoplastic-resin material. 

Therefore, it is good to have the melting point 
of the same grade as thermoplastic-resin 
material. It is good to form from the 
thermoplastic resin of same kind, more 
preferably. 

Moreover, the pin with a head, In order to 
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raise the bond strength between multiple 
material, it is desirable to produce from the 
thermoplastic resin reinforced with inorganic 
fillers, such as various fiber, such as glass fibre, 
carbon fiber, a boron fiber, and an aramid fiber, 
and a whisker. 

A short fibre is sufficient as these fiber. A long 
fibre and a continuous fiber are sufficient. 

Furthermore a colorant etc. can also be 
suitably blended with an above thermoplastic 
resin. 
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[0010] 

The shape of the pin with the head used for this 
invention will not be limited especially if it has a 
head in the top part. 

For example, what is shown in Fig. 2 - 6 can 
bejjljjgtrated. 

C (F\q. ^ provides a ^cre^Z fto main-body pin 1a.) 
Fig. 3 A and B provided many fin along with the 
circumference of main-body pin 1a axially. 

Fig. 4 is spirally twisted in the length direction. 
Fig. 5 is what of cylinder form straight. Fig. 6 is 
cone form. 
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[0011] 

In this invention, especiallyythe other material 
that thermoplastic-resin material joins is not 
limited) 

(For example, arbitrary raw materials, such as 
a metal, glass, a ceramic, and plastics, can be 
used.) 

Thermosetting resins, such as an epoxy resin 
besides a usual thermoplastic and a 
unsaturated polyester resin, especially the fiber 
reinforced plastics (FRP) and the sheet- 
moulding compound (SMC) which make these a 
matrix are contained in plastics. 
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[0012] 

In this invention, as external energy means 
provided to the pin with a head, there are 
methods, such as the frictional heat by an 
ultrasonic heating, a vibration, the spin, etc. 

In an ultrasonic heating, in order to centralize 
an energy, it is good to use the object with the 
fin of the fig. 3 and with the screw shown in fig. 
2. 

Moreover, when based on frictional heats, 
such as a spin, rotation of the pin with a head is 
made easy. 

Since it is desirable to enlarge the adhesive- 
surface product with thermoplastic-resin 
material as much as possible Also it is good to 
use the spiral form of fig. 4, the cylinder form of 
fig. 5, and the cone form of fig. 6. 
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[0013] 

The joining method of above-mentioned bottom 
this invention is widely applicable to the vessel 
which used thermoplastic-resin material 
installed in an automobile, vessels, the tank, 
etc., a machinery, etc. 

For example, attachment of the engine rocker 
box cover of an automobile, a cylinder head, 
etc. which requires a vibration, Joining of the 
multilayer wall of a residence, Joining of a ski 
board, the sole installation of a golf-club head 
etc. It is applicable to an above etc. 



[0 0 14] 



[0014] 



(D^rfeft 10 0 mm X 1 0 0 m 



[Example] 

Example 1 

To the plate whose dimension of carbon-fiber 
reinforcement nylon 66 resin with which carbon 
fiber occupies 60 volume % is 100 mm * 100 
mm * 30 mm In joining the steel plate whose 
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thickness is 10 mm, with the same dimension In 
the state where it laminated so that the 
through-hole (diameter of 6 mm (phi)) provided 
to this steel plate and the non-through-hole 
(diameter of 5.8 mm (phi)) provided to the 
above-mentioned plate might coincide, the pin 
with a diameter of 6 mm (phi) ]and a length of 
20 mm with head of the shape of the fig. 2 
which consists of above-mentioned carbon-fiber 
reinforcement nylon 66 resin is inserted from a 
steel-plate side. While making the hole entrance 
of a steel plate clamp the head, the hole by the 
side of a plate is made to fit the main body of a 
pin. 

Subsequently an ultrasonic horn is used for 
the pin with a head, and a ultrasonic wave is 
applied. Thereby, the edge part and the plate of 
main-body pin 1 a were made to be fused. 



[0 0 15] 

m^rtm^m^ £ <9 mm 

10c m©il^{if^f3R = 
2 5 mm, 10 0kg ©te&ift 
•9ML1 0[U|gT£-fr-C±ie3* 

mmm 2 

d y 6 6 mm<Dixt> <o \z. 



[0015] 

About the laminated sheet obtained by such 
joining method, the impact resistance is 
evaluated by the following test method. 

The result was shown in Table 1 . 
Shock-proof test method : It is used an above- 
mentioned laminated sheet as an examination 
sample. This is put on a stand. Weight of R= 25 
mm and 100kg is repeated from the position of 
the height of 10 cm of the upper part, and it is 
made to fall 10 times. 

The existence of generation of the 
abnormality in the fall part of an above 
laminated sheet was investigated. 
Example 2 

In Example 1, the plate which used the 
polycarbonate resin, and the pin of the shape of 
fig. 5 are manufactured instead of carbon-fiber 
reinforcement nylon 66 resin. 

Moreover, the aluminium board was provided 
instead of the steel plate. 
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These plate and an aluminium board are 
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overlapped so that the respective holes meet 
each other, it piles, and a pin is passed through 
from the hole by the side of an aluminium 
board. The frictional heat was made to generate 
and the plate was made to be fuse the edge 
part of a pin by rotating a pin with a drill by the 
state where it engaged to the hole of a plate. 
The above method evaluates the impact 
resistance of the obtained laminated sheet. 

The result was shown in Table 1 . 
Comparative Example 1 

In Example 1, the laminated sheet was 
similarly manufactured except having used the 
stainless wood nail (M6) instead of the pin of 
carbon-fiber reinforcement nylon 66 resin. 
The above method evaluates the impact 
resistance of the obtained laminated sheet. 

The result was shown in Table 1 . 
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^ 1 ^ CFMNpy 66 In the Table 1, CF reinforcement nylon 66= 
=j^^l8iH£ 3& J lki~'( 'n ^ 6 6 $f carbon-fiber reinforcement nylon 66 resin. 
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From Table 1 The laminated sheet obtained 
by the joining method of Comparative Example 
1 had the bad impact resistance, and the rattle 
was produced in the junctional part. On the 
other hand, the laminated sheet obtained by the 
joining method of Examples 1 and 2 is excellent 
in impact resistance, and abnormality, such as a 
rattle, did not seen. 

[0018] 



[EFFECT OF THE INVENTION] 

According to this invention, the pin with the 
head formed from the thermoplastic resin is 
utilized, and it makes the state where other 
material was made to connect the head. 
A pin edge part is inserted in a thermoplastic- 
resin material side. 

An external energy is added to the pin with a 
head. Thereby, since between the pin edge part 
and thermoplastic-resin material is made to be 
fused, it can join firmly irrespective of the kind 
by the side of other material. 



[BRIEF EXPLANATION OF DRAWINGS] 



[121 1 ] [FIGURE 1] 

^^f^CDScn" 1 M&TF'f 't ' s the explanatory drawing showing 1 example 

Ift^iU'Cfo'So of the joining method of this invention. 

[02] [FIGURE 2] 

^W^K^^ir -5 \£l/<D 1 It is the side view showing 1 example of the pin 

^1-fflJ®IHT'fc5o used for this invention - 

[El 3] [FIGURE 3] 

&WftK-tiiT&1rZ) t°XDifa(DM It is the fig. showing the other example of the 

£^-fH-efc<9 , [A] r±ffij|ffi Pin used for this invention. 

M [B] [A] (DX — XSff® a S ' C ' e V ' eW ' ^ ' S sect ' ona ' drawing of 

HT*fc3o [A] ' 

[El 4] [FIGURE 4] 

^zfeVRlz.&ffl-f- Z> t°y<D$L(D$\ It is the side view showing the other example of 
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the pin used for this invention. 
[FIGURE 5] 

It is the side view showing the other example of 
the pin used for this invention. 

[FIGURE 6] 

It is the side view showing the other example of 
the pin used for this invention. 

[EXPLANATION OF DRAWING] 

1 Pin with head 

2 Thermoplastic-resin material 

3 Other material 
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[FIGURE 3] 
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[FIGURE 6] 
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